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ABSTRACT 
The DRAMA process design methodology represents t h e  p r i n c i p a l  
ou tpu t  f rom a major programme o f  research conducted i n  
c o l l a b o r a t i o n  w i t h  ICL, t h e  UK's l a r g e s t  indigenous mainframe 
computer manufacturer. 
DRAMA i s  based on t h e  design and implementation o f  new 
manufacturing systems and t h e  associated dec i s ion  processes. I t  
was developed from work c a r r i e d  o u t  a t  ICL 's  main assembly p l a n t  
a t  Ashton under Lyne where an i n t e g r a t e d  produc t ion  system termed 
t h e  'Modular Assembly Cascade' had been introduced, hence the  
acronym Design Rout ine f o r  Adopting Modular Assembly. 
The DRAMA methodology i s  n o t  r i g i d  and mechanist ic b u t  can bes t  
be.descr ibed as a s e t  o f  ' gu id ing  p r i n c i p l e s '  t h a t  a l lows 
companies t o  analyse t h e i r  compet i t i ve  p o s i t i o n  and t o  design a 
p roduc t ion  system r e l e v a n t  t o  t h e i r  needs. 
,. The design aspects o f  t he  methodology s p e c i f i c a l l y  r e l a t e  t o  
';assembly operat ions w i t h i n  a market-dr iven business environment. 
However, t he  a n a l y t i c a l  components a re  more gener ic  i n  na ture  and 
can be used i n  connect ion w i t h  t h e  s t r a t e g i c  a n a l y s i s  o f  a wide 
v a r i e t y  o f  manufacturing s i t u a t i o n s .  
DRAMA i s ,  t he re fo re ,  being mod i f ied  and extended t o  a l l o w  i t  t o  
be used as a.more genera l ised means o f  analys ing s t r a t e g y  and i t s  
l i n k s  w i t h  p roduc t ion  system design. I n  t h i s  way a p a i r  of 
methodologies has emerged: DRAMA I, being the  o r i g i n a l  process 
design methodology, and DRAMA I 1  i t s  c o r o l l a r y  (Dec is ion  Rules 
f o r  Analysing Manufacturing A c t i v i t i e s ) .  
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INTRODUCTION 
The DRAMA process design methodology was devised by a team from 
t h e  Innovat ion,  Design and Operat ions Management Research U n i t  a t  
t he  Aston Business School. I t s  development c o n s t i t u t e d  t h e  
p r i n c i p a l  a c t i v i t y  i n  a t h r e e  year programme o f  research 
supported by t h e  Science and Engineer ing Research Counci l  under 
i t s  ACME ( A p p l i c a t i o n  o f  Computers t o  Manufactur ing Engineer ing) 
D i r e c t o r a t e  [I]. It i s  based upon t h e  design and implementation 
of new manufactur ing systems and the  under l y ing  dec i s ion  
processes. 
I n t e r n a t i o n a l  Computers L im i ted  ( ICL) ,  t h e  UK's l a r g e s t  
indigenous manufacturer o f  mainframe computer products,  was t h e  
main i n d u s t r i a l  c o l l a b o r a t o r  i n  t h e  research. Consequently, DRAMA 
was synthesised f rom emp i r i ca l  work which i n v e s t i g a t e d  process 
design a c t i v i t y  a t  ICL 's  main assembl y p l a n t  a t  
Ashton-under-Lyne near Manchester over the  p e r i o d  1985-89. 
Dur ing t h i s  t ime an i n t e g r a t e d  produc t ion  system termed t h e  
"Modular Assembly Cascade" was in t roduced [2] [31,  hence t h e  
acronym used f o r  t h e  r e s u l t a n t  methodology ("Design Rout ine 
f o r  Adopting Modular Assembly"). 
'1, 
\ 
DRAMA i s  n o t  a s e t  o f  r i g i d  and mechanist ic p r e s c r i p t i o n s  so 
does n o t  propose t o  i t s  users a l i m i t e d  panacea o f  procedures. 
I t  can bes t  be descr ibed as an emp i r i ca l  c o l l e c t i o n  o f  ' gu id ing  
p r i n c i p l e s '  t h a t  a1 1 ows compan i es t o  analyse t h e i r  - 
compet i t i ve  p o s i t i o n  and thereby design a p roduc t ion  system 
appropr ia te  t o  t h e i r  needs, based upon a number o f  f e a s i b l e  
design op t ions .  The design aspects of t h e  methodology 
r e l a t e  s p e c i f i c a l l y  t o  e l e c t r o n i c  assembly opera t ions  w i t h i n  a 
market-dr iven business environment, being t h e  con tex t  w i t h i n  
which ICL operates 141. However, t h e  a n a l y t i c a l  components 
o f  t he  conceptual DRAMA model a re  gener ic  i n  na tu re  and can 
be used f o r  ana lys ing  s t r a t e g i c  manufactur ing dec is ions  over a 
range o f  opera t iona l  and o rgan iza t i ona l  s i t u a t i o n s .  
DRAMA i s  now being mod i f ied  and extended t o  f a c i l i t a t e  
i t s  use as a genera l ised inst rument  f o r  e x p l o r i n g  h i e r a r c h i e s  of 
o rgan iza t i ona l  dec i s ion  making and t h e  l i n k s  w i t h  p roduc t ion  
system design. Consequently, i n  a d d i t i o n  t o  t h e  o r i g i n a l  DRAMA 
process design methodology, i t s  c o r o l l a r y ,  DRAMA I 1  (Dec is ion  
.. Rules f o r  Analysing Manufactur ing A c t i v i t i e s ) ,  i s  now being 
developed f o r  t h e  ana lys i s  o f  manufacturing system design 
a c t i v i t i e s  i n  general .  
THE DEVELOPMENT OF DRAMA 
Work on t h e  SERC funded p r o j e c t  e n t i t l e d  "Evaluat ion,  Design 
and Implementation o f  High V a r i e t y  Assembly Systems" s t a r t e d  i n  
January 1987.  Two f u l l - t i m e  research s t a f f  were employed, one a 
management s c i e n t i s t  and the  o t h e r  an i n d u s t r i a l  engineer. They 
were al lowed f r e e  access t o  ICL 's  Ashton-under-Lyne p l a n t  i n  
o rder  t o  conduct a comprehensive, l o n g i t u d i n a l ,  s tudy o f  t h e  
p l a n t ' s  dec i s ion  and design processes. I n  o rder  t o  observe these 
processes a t  f i r s t  hand t h e  researchers were absorbed i n t o  ICL 
Ashton's s t a f f  o rgan iza t ion ,  t o  t h e  e x t e n t  o f  being 
t r e a t e d  by some ICL Ashton s t a f f  as f e l l o w  employees. Thus, an 
ethnographic i n v e s t i g a t i o n  cou ld  be c a r r i e d  o u t  whereby t h e  
research s t a f f  acted as ' p a r t i c i p a t i n g  observers '  r a t h e r  than 
merely being passive i n v e s t i g a t o r s .  Th is  approach enabled 
acceptance by ICL personnel and al lowed the  research team t o  
gather da ta  o f  h igher  q u a l i t y  than i s  normal ly  p o s s i b l e  w i t h  
o the r  types o f  i n d u s t r i a l  research. 
The design and implementation processes f o r  new assembly 
f a c i l i t i e s  were reconst ructed and documented by t h e  research 
team. Th is  recons t ruc t i on  was r e t r o s p e c t i v e  f o r  t h e  module 
implemented p r i o r  t o  the  commencement o f  t h e  research and 
concurrent  f o r  t h e  developments be ing observed i n  ' r ea l - t ime ' .  
The l o n g i t u d i n a l  study o f  developments a t  t h e  Ashton f a c t o r y  was 
complemented by a d e t a i l e d  o rgan iza t i ona l  study o f  t h e  Company as 
a 'whole.  Th is  explored t h e  s t r a t e g i c  choices made by t h e  
,, "Manufacturing and L o g i s t i c s "  d i v i s i o n  w i t h i n  t h e  r e c e n t l y  
'? formulated market-dr iven corporate p o l i c y .  I t  a l s o  considered how 
Ashton's s i s t e r  p l a n t s  w i t h i n  ICL had t r a n s l a t e d  manufactur ing 
s t r a t e g y  down t o  t h e  l e v e l  o f  p roduc t ion  system design. 
P a r t i c i p a t i v e  observa t ion  . w i t h i n  Ashton was t h e r e f o r e  
supplemented by an ex tens ive  programme o f  semi-s t ructured 
i n te rv iews  throughout ICL, cover ing  a l l  l e v e l s  o f  t h e  
o rgan iza t i on  from sen io r  d i r e c t o r s  t o  shop f l o o r  employees. 
External  analyses were a l s o  conducted t o  consider customers, 
compet i tors  and t h e  techno log ica l ,  s t r u c t u r a l  and business 
environment w i t h i n  which t h e  Company was opera t ing .  Equipment 
vendor issues r e l e v a n t  t o  systems development were a l s o  
explored. To p lace  t h e  ICL aspects of t h e  research i n t o  context ,  
supplementary s t u d i e s  were conducted i n  o t h e r  companies 
manufacturing s i m i l a r  products f o r  comparable markets. 
From the  data,  a number o f  r e l a t i o n s h i p s  were i d e n t i f i e d ,  t e s t e d  
and incorporated i n t o  t h e  methodology where appropr ia te .  
E x i s t i n g  conceptual models from t h e  l i t e r a t u r e  were used a t  t h i s  
' stage t o  a s s i s t  i n  the  ana lys i s  of  t he  observed dec i s ion  
processes [5][6][7][8]. Later  these a l so  prov ided a framework 
f o r  DRAMA, t h e  design and implementation methodology developed 
f rom the  research [9][10]. 
THE DRAMA MODEL OF PRODUCTION SYSTEM DESIGN 
Ob jec t i ve  o f  t h e  Model 
The DRAMA methodology i s  e s s e n t i a l l y  a s e t  o f  g u i d i n g  p r i n c i p l e s  
t h a t  a s s i s t  t h e  user  t o  s t e e r  through t h e  dec i s ion  sequences t h a t  
must be fo l l owed  when des ign ing a p roduc t ion  system. I t i s  
based p r i n c i p a l l y  on e l e c t r o n i c s  assembly [ I l l .  However, t h e  
model upon which t h e  methodology has been developed prov ides  a 
s t r u c t u r e  which can be used as an a n a l y t i c a l  t o o l  f o r  examining 
t h e  dec i s ion  process associated w i t h  p roduc t ion  system design 
across a wide range o f  i n d u s t r i a l  con tex ts .  The DRAMA model, 
from which t h e  design methodology and manual have evolved, takes 
t h e  f o l l o w i n g  form: 
The DRAMA Components 
The model disaggregates t h e  t o t a l  p roduc t ion  system design 
a c t i v i t y  i n t o  t e n  components. These are:  
Market and Environment 
Manufactur ing Strategy;  
Organizat ion;  
J u s t i f i c a t i o n ;  
P r o j e c t  Management; 
Phys ica l  System Design; 
Cont ro l  and I n t e g r a t i o n ;  
Work Design; 
Implementation; and 
a: Eva1 u a t  i on. 
X 
DRAMA assumes a genera l l y  phase-wise progress ion through these 
components du r ing  a p roduc t ion  system design p r o j e c t .  However, 
i t  i s  recognised throughout t h a t  they are  interdependent and t h a t  
design dec is ions  have an e f f e c t  on preceding and subsequent 
components, thus  i n i t i a t i n g  a myr iad o f  feedback and feed- 
forward loops. Th is  n o t i o n  corresponds c l o s e l y  t o  Mintzberg 's  
dec i s ion  process model which sought t o  assign s t r u c t u r e  t o  the  
l o n g i t u d i n a l  process o f  s t r a t e g i c  dec i s ion  making 1 7 ) .  
The DRAMA manual prov ides a f l e x i b l e ,  user - led  guide f o r  
p roduc t ion  system designers which i s  d i v i d e d  i n t o  t h e  t e n  
components o f  t h e  model. The methodology s e c t i o n  o f  t h e  manual, 
which forms the  p r e s c r i p t i v e  p a r t  o f  DRAMA, advocates t h e  
top-down progress ion from s t r a t e g y  fo rmu la t i on  t o  d e t a i l e d  
f a c i l i t y  design and opera t ion  i n d i c a t e d  by the  model. However, 
li 'nkages are  recognised and an eva lua t i on  of t h e  impact o f  design 
changes on t h e  r e s t  o f  t he  components i s  seen as fundamental t o  
t h e  success o f  any process design a c t i v i t y .  
The 'Tracks' 
The research m a t e r i a l  gathered du r ing  t h e  p r o j e c t  inc luded 
d e t a i l e d  ICL case study da ta  o f  an observa t iona l  nature,  
supplemented by m a t e r i a l  from ou ts ide  t h e  c o l l a b o r a t i n g  company. 
Th is  comprised in fo rma t ion  f rom o ther  manufactur ing 
organ iza t ions ,  s u p p l i e r s  and customers together  w i t h  d e t a i l s  o f  
t h e  market and environment e t c .  I n c l u s i o n  o f  t h e  d e t a i l e d  case . 
ana lys i s  i n  t h e  manual was considered necessary t o  enhance t h e  
depth and q u a l i t y  o f  examination. 
To a l l ow  t h e  user t o  adopt a  s t r u c t u r e d  approach when f o l l o w i n g  
t h i s  ma te r ia l  DRAMA i s  a l s o  separated h o r i z o n t a l l y  i n t o  t h r e e  
t racks ,  namely: 
( i )  t h e  Case; 
( i i )  an Assessment o f  t he  Case; and 
( i i i )  t he  General ised Methodology. 
Th is  n o t  o n l y  enables t h e  user t o  focus on s p e c i f i c  components of 
i n t e r e s t  . i n  the  design process, b u t  a l s o  a l l ows  t h e  oppor tun i t y  
t o  f o l l o w  a p a r t i c u l a r  aspect o f  each component w i t h o u t  t he  need 
t o  read the  complete manual. I n  t h i s  way i t  i s  poss ib le  t o  j u s t  
s e l e c t  a  d e s c r i p t i v e  case study, and/or an assessment o f  t he  case 
( w i t h  re ference t o  theory,  o the r  o rgan iza t ions  and es tab l i shed 
'best  p r a c t i c e ' ) ,  and/or a  methodology i n  t h e  form o f  a  s e t  of 
gu ide l i nes  which d e t a i l  t h e  design op t i ons  a v a i l a b l e  and t h e i r  
r e l a t e d  p o s i t i v e  and negat ive fea tures .  F igure  1 shows t h e  
conceptual form o f  each DRAMA component as i t  progresses through 
t h e  case, assessment and design methodology t racks .  
F igure  1 Conceptual Form o f  t h e  DRAMA Components 
0 The ICL Case 
- Summary 
- Description of current situation 
- Decision rocesses and development 
- key observations 
- Reference notes 
The Assessment 
- Comparable plants 
- ICL performance review 
- Conclusions 
- Reference notes 
- Key Parameters 
0 - Core Result Areas 
- Design Attribute Time Analysis 
- Design Option Guides 
- Generalised Methodology Flowcharts 
The method o f  i n v e s t i g a t i n g  t h e  c u r r e n t  con tex t  and d e t a i l e d  
a c t i v i t i e s  o f  a  ' l ead ing  edge' o rgan iza t i on  and then r e l a t i n g  
t h i s  t o  p r a c t i c e  elsewhere i n  t h e  o rgan iza t i on ' s  i n d u s t r i a l  
sec tor  i s  a  genera l l y  app l i cab le  approach t o  fo rmu la t i ng  
principles and guidelines for future design activity. Therefore 
the case to assessment to methodology route used by the DRAMA 
model is a useful means of analysing an organization's design 
process in order to provide lessons for the future. 
Domains of Decision Making 
DRAMA provides a model of organizational decision making which 
explores the effects of participation in the production system 
design process at different levels of the business. Three such 
levels or "domains" of decision making are identified: 
(i) strategic; 
(ii) Tactical; and 
(ii i )  Operational. 
The Strategic  domain embraces senior management decision making 
down to the level of individual plant units. Market and 
Environment, Manufacturing Strategy, Organization and Evaluation 
are identified as Strategic domain DRAMA components and can be 
considered together when focusing on strategic issues. The 
Tact ica l  domain spans the middle management levels where senior 
management decisions are translated down into plant level 
procedures. Components falling within this domain are 
Organization, Justification, Project Management and Evaluation. 
The Operationa7 domain relates to the lower organizational levels 
where detailed production decisions are taken. The Operational 
domain includes Project Management, Physical System Design, 
si Control and Integration, Work Design, Implementation and 
.Eva1 uat i on. Thus, it may be noted that Organization and 
Evaluation span the interface between the Strategic and Tactical 
domains, while Project Management and Evaluation span the 
Tactical and Operational domains. 
This disaggregation of organizational decision making into three 
domains provides a hierarchical dimension to the DRAMA model to 
supplement the longitudinal analysis provided by the sequential 
components. Design activity and decision making can thereby and 
be tracked at different levels of organizational analysis as 
well as laterally through time. 
Summary of the DRAMA Model 
DRAMA is illustrated schematically in Figure 2, which places the 
concepts of components, tracks and domains into context within 
the model. The disaggregation of the design process into 
components and the recognition of decision domains allows both a 
longitudinal and hierarchical analysis to be conducted. It also 
permits separate consideration of each domain and/or component, 
while the input and output parameters of each component provide 
" the, linkages between strategy, tactics and operation. 
Figure  2 The Components, Domains and Tracks o f  DRAMA 
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DRAMA AS A PROCESS DESIGN METHODOLOGY 
The genera l ised methodology s e c t i o n  o f  t h e  DRAMA manual prov ides 
a d e t a i l e d  s e t  o f  gu ide l i nes  f o r  companies wish ing t o  adapt t h e  
concept o f  modular assembly. The methodology i s  s u i t a b l e  fo r  
t h e  design o f  p roduc t ion  f a c i l i t i e s  w i t h i n  t h e  con tex t  o f  a  
market-dr iven corpora te  s t r a t e g y  r e q u i r i n g  h i g h  v a r i e t y ,  smal l  
batch manufacture. 
F igure  3 i l l u s t r a t e s  the  procedures fo l l owed  when us ing  t h e  DRAMA 
methodology f o r  each design component. The Key Parameters 
i d e n t i f i e d  as i n p u t s  vary according t o  the  p a r t i c u l a r  component 
i n  quest ion.  They may be , o the r  DRAMA components o r  
environmental f a c t o r s  such as t h e  market, process technology e t c .  
C r i t i c a l  Design A t t r i b u t e s  (CDAs) a re  then l i s t e d  f o r  each 
component, categor ised w i t h i n  a number o f  predef ined Core Resu l t  
Areas (CRAs) which are themselves dependent upon t h e  domain 
w i t h i n  which t h e  component's dec i s ion  making process p r i m a r i l y  
operates. The v a r i a b i l i t y  o f  design a t t r i b u t e s  i n  r e l a t i o n  t o  a 
t ime frame measure i s  determined by the  Design A t t r i b u t e  Time 
Ana lys is  (DATA) mode1 which i n d i c a t e s  on a t h r e e - t i e r  
h i e r a r c h i c a l  m a t r i x  whether t h e  v a r i a b i l i t y  of design a t t r i b u t e s  
i s  h igh  o r  low aga ins t  a  s h o r t  o r  long  term t ime frame. 
F igu re  3 Development o f  a Process Design Methodology 
f o r  a DRAMA Component 
I IDENTIFY KEY PARAMETERS I + I IDENTIFY CRITICAL DESIGN ATJRIBUTES (CDAs) 1 I WITHIN THE SPECIFIED CORE RESULT A R M  (CRAs) I 
* I CATEGORISE CDAs WITHIN THE I I DESIGN A'TTRIBUTE TIME ANALYSIS (DATA) MODEL 
ll I 
1 
I DEVELOP DESIGN OPTION GUIDES (DOGS) I I TO COVER THE RANGE OF FEASIBLE ALTERNATIVES 
* .  
1 
SUMMARISE GENERALISED DESIGN MRHODOLOGY 
I IN FLOWCHART FORM I 
"3 
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Having i d e n t i f i e d  t h e  C r i t i c a l  Design A t t r i b u t e s ,  t h e  user i s  
then guided through t h e  a v a i l a b l e  design choices f o r  t h e  
component i n  quest ion.  Design Opt ion Guides (DOGS) have been 
developed i n  con junc t i on  w i t h  t h i s  aspect o f  t h e  methodology. 
Here, t h e  b e n e f i t s  and drawbacks o f  var ious  design op t i ons  are  
evaluated aga ins t  a  P r i n c i p a l  Resu l t  Ob jec t i ve  de r i ved  f rom a  
number o f  Resu l t  C r i t e r i a  t h a t  a r e  o f f e r e d  t o  t h e  user .  Th i s  
i t e r a t i v e  procedure permi ts  t h e  s e l e c t i o n  and m o d i f i c a t i o n  of 
design op t i ons  u n t i l  t h e  des i red  c o n f i g u r a t i o n  i s  achieved. 
F i n a l l y ,  t h e  genera l ised methodology i s  summarised i n  f l o w c h a r t  
form t o  p rov ide  an o v e r a l l  r ep resen ta t i on  o f  t he  dec i s ion  process 
f o r  each component. (For more d e t a i l ,  see 1 1 2 1 ) .  
A p a r t i c u l a r  f e a t u r e  o f  t h e  methodology sec t i ons  of t h e  DRAMA 
manual i s  t h a t  they have been developed i n  con junc t i on  w i t h  a  
d e s c r i p t i o n  o f  t h e  I C L  case s tudy and t h e  exper iences and 
lessons learned by o the r  o rgan iza t i ons  when des ign ing assembly 
systems. I t s  s t r u c t u r e  a l s o  ensures t h a t  t he  user considers t h e  
importance o f  coo rd ina t i ng  a l l  f u n c t i o n s  o f  t h e  business and of 
understanding t h e  r e l a t i o n s h i p  between d i f f e r e n t  l e v e l s  of  
o rgan iza t i ona l  dec i s ion  making. 
DRAMA 11: AN ANALYTICAL TOOL FOR LINKING STRATEGY 
WITH SYSTEM DESIGN 
Extending t h e  scope o f  DRAMA 
It needs t o  be s t ressed t h a t  t h e  d e t a i l e d  methodology o r i g i n a l l y  
developed, be ing l a r g e l y  based on a s p e c i f i c  case, has more 
l i m i t e d  gener ic  a p p l i c a b i l i t y  than one which i s  based on a wider 
source o f  data.  However, t h e  s t r u c t u r e  of t h e  under l y ing  model 
(components, domains and t r a c k s )  o f fe rs  the  p o t e n t i a l  f o r  DRAMA 
t o  have more gener ic  a p p l i c a b i l i t y  f o r  l i n k i n g  corpora te  and 
manufactur ing s t r a t e g y  ana lys i s  and t h e  fo rmu la t i on  o f  p roduc t ion  
system designs. DRAMA'S use as a gener ic  t o o l  f o r  analys ing 
manufactur ing a c t i v i t i e s  i s  f a c i l i t a t e d  by s t r u c t u r i n g  each p a r t  
- o f  t h e  model i n  a  manner t h a t  a l l ows  a systemat ic  and l o g i c a l  
approach t o  be taken when us ing  it, t o  i n v e s t i g a t e  dec i s ion  
processes associated w i t h  t h e  design and implementation of 
manufacturing f a c i l i t i e s .  
~ i n c . e  the  o r i g i n a l  DRAMA acronym was der ived  from "Design Routine 
f o r  Adopting Modular Assembly", i t s  cont inued use i n  connect ion 
w i t h  a more gener ic  t o o l  was inappropr ia te .  The extended 
methodology i s  t h e r e f o r e  c a l l e d  DRAMA I 1  ( "Dec is ion  Rules f o r  
Analysing Manufactur ing A c t i v i t i e s " ) .  
DRAMA I1 o f f e r s  t h e  p o t e n t i a l  f o r  both researchers and 
p r a c t i t i o n e r s  t o  model t h e  design and dec i s ion  processes f o r  
t r a n s l a t i n g  s t r a t e g i e s  a t  t h e  h ighe r  l e v e l s  o f  o rgan iza t i on  i n t o  
., phys ica l  system design, implementation and opera t ion .  As such, 
i t prov ides a means of assessing how manufactur ing s t r a t e g i e s  
shape the  design o f  operat ions and, conversely,  how eva lua t i on  of 
e x i s t i n g  systems and design p r o j e c t s  can he lp  shape s t r a t e g i c  
dec is ions  f o l l o w i n g  t h e i r  eva lua t ion .  
- 
The Context o f  E x i s t i n g  Theory on Manufactur ing St ra tegy  
I n  the  pas t  a  common a t t i t u d e  among academics and i n d u s t r i a l i s t s  
was t h a t  s t r a t e g y  was something t h a t  accountants and market ing 
s p e c i a l i s t s  d e a l t  w i t h  t o  t h e  exc lus ion  o f  manufactur ing 
managers. Product ion personnel were s imply n o t  i nvo l ved  w i t h  
s t r a t e g y  fo rmu la t i on  and ana lys is ;  r a t h e r  they concentrated t h e  
opera t iona l  p lann ing  and c o n t r o l  o f  a c t i v i t i e s  w i t h  a l i m i t e d  
t ime hor izon.  
Since the  work o f  Skinner i n  t h e  1970s [131, t h e r e  have been 
numerous c a l l s  f o r  t he  design o f  manufacturing opera t ions  t o  be 
considered as an impor tant  element i n  the  corpora te  s t r a t e g y  of 
an organ iza t ion .  Harvard Business Review took up t h e  theme and 
publ ished severa l  a r t i c l e s  on t h e  importance of manufacturing 
s t r a t e g y  i n  t h e  e a r l y  1980s [14] [15] [16] .  The work o f  Michael 
' Po r te r  a l s o  demonstrates how corporate management t e x t s  can 
prov ide  lessons f o r  manufacturing managers wish ing t o  adopt a  
top-down and market -or ientated approach t o  opera t ions  [17].  
Others have a l s o  advocated the  v i r t u e s  o f  d e r i v i n g  compet i t i ve  
advantage from the  approach t o  manufacturing manufacturing taken 
by exemplars [181[19]. 
These works must be acknowledged i n  t h a t  they have r a i s e d  t h e  
p r o f  i l e  o f  manufactur ing w i t h i n  o rgan iza t ions  and have 
h i g h l i g h t e d  the  importance o f  manufactur ing w i t h i n  corporate 
s t ra tegy .  However they tend t o  be l a r g e l y  promot ional  and do n o t  
u s u a l l y  p rov ide  a d e t a i l e d  s t r u c t u r e  and p r e s c r i p t i o n  f o r  t h e  
d e t a i l e d  ana lys i s  o f  manufactur ing dec i s ion  making. 
The work o f  H i l l  goes f u r t h e r  by cons ider ing  how t o  manage 
operat ions w i t h  a s t r a t e g i c  perspec t ive  1201.  He compares 
manufactur ing management p r a c t i c e  and performance i n  an 
i n t e r n a t i o n a l  con tex t  and then prov ides lessons f o r  t h e  
t r a n s l a t i o n  of corporate p o l i c y  and market s t r a t e g y  i n t o  process 
choice and t h e  development o f  a manufacturing i n f r a s t r u c t u r e .  
Prev ious ly ,  Wi ld  1211 had considered t h e  r o l e  o f  manufactur ing i n  
business p o l i c y  and s e t  up a p o l i c y  framework which inc luded t h e  
i n t e r a c t i o n  of t h e  operat ions management f u n c t i o n  w i t h  t h e  
ex te rna l  environment a t  a l l  l e v e l s .  
I n  a s i m i l a r  way t h e  more recent  work o f  t he  Cambridge group 
1221  proposes t h a t  an o rgan iza t i on  should s t a r t  w i t h  a s t r a t e g i c  
view o f  t he  business as a whole and, i n  t u r n ,  develop a 
business s t r a t e g y ,  product  s t r a t e g y  and manufactur ing 
s t r a t e g y  p r i o r  t o  p lanning t h e  manufacturing f a c i l i t i e s .  H i l l  
and the  Cambridge group prov ide  an i n t e r e s t i n g  i n s i g h t  i n t o  t h e  
a c t i v i t y  o f  s t r a t e g y  fo rmu la t i on  and t r a n s l a t i o n ,  b u t  they 
adhere r i g i d l y  t o  an o v e r t l y  top-down and market d e t e r m i n i s t i c  
view o f  manufactur ing system development. A f u r t h e r  c r i t i c i s m  
, i s  t h a t  they say very  l i t t l e  on t h e  sub jec t  o f  human resource 
management and o rgan iza t i on  which, i t  goes w i t h o u t  saying, 
c o n s t i t u t e  c r u c i a l  f a c t o r s  i n  t h e  success o f  any manufactur ing 
s t ra tegy .  
As f a r  as t h e  l i n k  w i t h  p roduc t ion  system design i s  concerned, 
t h e r e  have been few at tempts t o  t r a n s l a t e  manufactur ing s t r a t e g y  
i n t o  dec i s ion  processes f o r  technology and work o rgan iza t i on .  
Exceptions t o  t h i s  a re  H i l l ,  who addresses t h e  mat te r  i n  h i s  
chapter on process choice and Kantrow's a p t l y  named a r t i c l e  
"The s t ra tegy- technology connect ion" 1231.  More r e c e n t l y  
Schroeder has considered t h e  impact o f  p roduc t ion  system 
technology on t h e  development o f  corporate s t r a t e g y  1241.  
L i n k i n g  St ra tegy  w i t h  Product ion System Design Using DRAMA I1 
DRAMA I1 a s s i s t s  i n  understanding the  r e l a t i o n s h i p  between 
corporate s t r a t e g y  and the  design o f  opera t ions  systems by 
o f f e r i n g  an emp i r i ca l  model f o r  ana lys i s  which incorpora tes  a l l  
l e v e l s  o f  manufactur ing dec i s ion  making. 
The inco rpo ra t i on  o f  a number o f  e x i s t i n g  models and systems 
' design approaches i n  the  development o f  DRAMA I1 means t h a t  t h e  
bas ic  model i s  mu l t i -perspec t ive .  DRAMA I1 advocates an open 
systems approach i n  the  ana lys i s  o f  components i n  t h e  h igher  
domains o f  managerial dec i s ion  making, w h i l e  a c losed systems 
approach i s  adopted when progress ing down t o  t h e  lower domains. 
Th is  f i t s  w e l l  w i t h  the  Kast and Rosenweig n o t i o n  [ 2 5 ]  o f  a 
"h ie rarchy  o f  systems" approaches whereby h ighe r  l e v e l s  o f  
soc io- technica l  ana lys i s  demand a more open approach. 
The research methodology employed when developing and us ing  t h e  
DRAMA model borrowed from Checkland's s o f t  systems approach [ 6 ]  
w i t h  i t s  movement and feedback between t h e  r e a l  and a b s t r a c t  
wor ld.  A s o f t  systems approach would a l s o  be r e l e v a n t  whenever 
t h e  r e a l i t i e s  of ac tua l  human dec is ion  making a re  being 
considered as i s  t h e  case when us ing  DRAMA 11. 
DRAMA 11's h i e r a r c h i c a l  dimension, which a l lows f o r  a  h i g h  degree 
of s t r u c t u r a l  ana lys is ,  i s  der ived  from t h e  conceptual form of 
t h e  G R A I  model [81. Th is  i s  complemented by a l o n g i t u d i n a l ,  
' through t ime'  dimension which evolved f o l l o w i n g  t h e  use of 
Mintzberg 's  model 1 7 1  f o r  ana lys ing  uns t ruc tured  s t r .a teg ic  
dec is ions,  which a l l ows  f o r  l a t e r a l  ana lys i s  o f  t h e  dec i s ion  
making and design processes when developing new produc t ion  
systems. 
DRAMA 11, l i k e  most manufactur ing s t r a t e g y  theory,  advocates a 
top-down and market-dr iven approach t o  s t r a t e g y  fo rmu la t i on  
and i t s  t r a n s l a t i o n  t o  t h e  l e v e l  o f  ope ra t i ona l  design. 
However i t  a l s o  recognises more r e a d i l y  than most o the r  t h e o r i e s  
t h a t  bottom-up and l a t e r a l  f o r c e s  are  extremely impor tan t  i n  
shaping and evo lv ing  s t ra tegy .  . 
DRAMA I 1  a l s o  recognises a c o r r e l a t i o n  between t h e  produc t ion  
., system design process and a phase-wise and c y c l i c a l  movement 
' , through the  model's components, f rom "Market and Environment" t o  
"Evaluat ion"  and back. I t  recognises t h a t  t he re  e x i s t s  a  hos t  
of in terconnects  between components, both w i t h i n  t h e  same dcmain 
(eg: simultaneous cons idera t ion  o f  t h e  "Phys ica l  System", 
"Contro l  and I n t e g r a t i o n "  and "Work Design") and h i e r a r c h i c a l l y  
(eg: "Organizat ion"  a f f e c t i n g  "Manufactur ing St ra tegy"  and the  
func t iona l  design o f  t he  opera t iona l  system). 
The research t h a t  underpins t h e  development o f  DRAMA I 1  i s  
d i s t i n c t i v e  compared w i t h  most research i n  the  area which tends 
t o  consider manufacturing f rom a sen io r  management 
perspec t ive .  The DRAMA p r o j e c t  covered t h i s  aspect w i t h  i t s  
progranme o f  sen io r  management in te rv iews,  b u t  l a r g e l y  comprised 
a l o n g i t u d i n a l ,  and even i n  many ways bottom-up, ana lys i s  
o f  a  manufacturing company t h a t  was look ing  t o  a r t i c u l a t e  a newly 
formulated market-dr iven s t r a t e g y  a t  t he  l e v e l  of t h e  phys ica l  
system. I t  was o n l y  by us ing t h i s  method o f  enqu i ry  t h a t  t he  
i n v e s t i g a t o r s  were ab le  t o  i d e n t i f y  t h e  ex is tence and nature of 
feedback and feed-forward i n fo rma t ion  t h a t  permeated the  
Organizat ion dur ing  t h e  f i v e  year development of a  new produc t ion  
system. 
DRAMA 11 's  p r i n c i p a l  asset,  t he re fo re ,  i s  t h a t  i t  o f f e r s  a 
comprehensive framework o f  enqui ry  when consider ing the  design o f  
a  p roduc t ion  system. I t  recognises d i r e c t  and i n d i r e c t  l inkages 
between the  market and s t r a t e g y  i n  the  h igher  domains o f  
organ iza t i ona l  d e c i s i o n  making and t h e  dec i s ion  making processes 
t h a t  occur i n  t h e  t a c t i c a l  and opera t i ona l  l e v e l s .  I t  o f f e r s  a 
f l e x i b l e  model by v i r t u e  o f  i t s  modular design which enables t h e  
design process t o  be d i v i d e d  i n t o  a number o f  separate 
components. 
F i n a l l y ,  use o f  t h e  under l y ing  model i n  developing t h e  DRAMA 
manual f o r  h i g h  volume, low v a r i e t y  e l e c t r o n i c s  assembly system 
design i l l u s t r a t e s  how a d e t a i l e d ,  i n d u s t r y  s p e c i f i c ,  methodology 
f o r  opera t ions  design can be developed through a l o n g i t u d i n a l  
case s tudy supplemented by re fe rence t o  theory and an assessment 
o f  bes t  p r a c t i c e  i n  t h e  sec to r .  The methodology can then be 
evolved as a s e t  o f  gu id ing  p r i n c i p l e s  h i g h l i g h t i n g  t h e  v i a b l e  
op t i ons  and t h e i r  r e l a t e d  fea tures .  
CONCLUSION 
DRAMA 11, "Decis ion Rules f o r  Analysing Manufactur ing 
A c t i v i t i e s " ,  addresses the  need f o r  a  p r a c t i c a l  model which 
o f f e r s  a framework o f  enqu i ry  l i n k i n g  a s t r a t e g i c  a n a l y s i s  t o  
t h e  design o f  p roduc t ion  systems. I t s  f l e x i b i l i t y ,  which i s  
der ived  from a modular s t r u c t u r e ,  a l l ows  users t o  s e l e c t  and 
focus on those components o f  t h e  design process t h a t  a re  of 
immediate concern t o  them. The model was used f o r  t he  
development o f  t h e  DRAMA manual f o r  e l e c t r o n i c s  assembly system 
design and i l l u s t r a t e s  how t h e  under l y ing  model can be used t o  
develop an i n d u s t r y  s p e c i f i c  methodology. 
h, 
..DRAMA I 1  has evolved as p a r t  o f  a  d e t a i l e d  research p r o j e c t  where 
a case ana lys i s  was conducted us ing  p a r t i c i p a t i v e  observat ion 
spanning t h r e e  years.  The r e s u l t  i s  a  model which d i sp lays  
rea l i sm and recognises bo th  t h e  h i e r a r c h i c a l  and l o n g i t u d i n a l  
na ture  o f - d e c i s i o n  making when des ign ing produc t ion  systems. 
Th is  paper has descr ibed t h e  development o f  DRAMA, a  design 
methodology f o r  h i g h  v a r i e t y  e l e c t r o n i c s  assembly, i n t o  DRAMA I 1  
which i s  a  model f o r  use as an a n a l y t i c a l  t o o l  f o r  s tudy ing  
o rgan iza t i ona l  dec i s ion  processes dur ing  t h e  design and 
implementation o f  p roduc t ion  systems. DRAMA I1  i s  c u r r e n t l y  
be ing t e s t e d  i n  a number of  o rgan iza t i ona l  and sec to ra l  
con tex ts  bo th  w i t h i n  and ou ts ide  t h e  l i m i t s  suggested by t h e  
o r i g i n a l  ICL case. The outcome o f  t h i s  f u r t h e r  research w i l l  
determine t h e  f u t u r e  d i r e c t i o n  i n  developing the  model. 
REFERENCES 
[ I ]  Bennett D J ,  Fo r res te r  P L, Rajput  S K and Hassard J  S. 
(1989) The E f f e c t  o f  Market D r i ven  Business Po7 i c i e s  on t h e  
' Design and I m p  Ternentat ion  of Product i on  Systems f o r  
E lec t ron i cs ,  I D O M  Working Paper No.6, Aston Business School. 
123 Bennett D J  and Nagarkar C V (1988) F l e x i b l e  Manufactur ing 
System Lets  Small Manufacturer o f  Mainframes Compete With 
Giants ,  I n d u s t r i a  1 Engineering, 2 0 ( 1 1 )  , pp42-46. 
131 Bennett D J and,Rajput  S K (1989) Design and Implementat ion 
o f  Product ion Systems For High V a r i e t y  E l e c t r o n i c s  Assembly, In t .  
Jo. Operat ions and Product i on  Mgt. , 9 (5 ) ,  pp39-46. 
[4 ]  Rajput  S K and Bennett D J (1989) Modular System Design and 
Contro l  For F l e x i b l e  Assembly, I n t .  Jo. Operat ions and 
Product ion Mgt., 9 (7)  pp17-29. 
[ 5 ]  Ut terbeck J M and Abernathy W J (1975) A Dynamic Model o f  
Process and Product Innovat ion,  OMEGA, 3(6) ,  pp639-656. - 
[ 6 ]  Checkland P B (1981 ) Systems Thinking, Systems Prac t i ce ,  
Wiley. 
[ 7 ]  Mintzberg H, Rais inghani  D and Theoret A (1976) The 
S t r u c t u r e  o f  'Unst ructured '  Decis ion Processes, Admin. Sc i .  Q . ,  
21, pp246-275. 
[8 ]  Doumeingts G, Maisonneuve M C, Brand V and Berard C (1986) 
Design Methodo logy o f  Computer I n t e g r a t e d  Manufactur ing and 
Contro7 o f  Manufactur ing Un i ts .  I n  Computer-Aided Design and 
Manufacturing: Methods and Tools, (ed. Rembold U and D i l lman R), 
Spr inger-Ver lag.  
[ 9 ]  Bennett D J,  Fo r res te r  P L and Hassard J S. (1990) An 
A p p l i c a t i o n  o f  Decis ion Process Mode l l ing  t o  Manufactur ing 
System Design, OMEGA, 18( 1 ) , pp23-33. 
',,[101 Bennett D J ,  Fo r res te r  P L,  Hassard J S and Ra jpu t  S K 
(1989) A Model f o r  Analysing the  Design and Implementat ion 
o f  New Product ion Systems, 10th. I n t .  Conf. on Produc t ion  
Research, Nottingham, Aug. 
[I 11 Bennett D J .  (1990) A Design and ~ m ~ l e m e n t a t i o n  Methodology 
f o r  E l e c t r o n i c s  Assembly Systems, 2nd. I n t .  Conf. on Management 
o f  Techno7ogy, Miami, F l o r i d a ,  Feb/Mar. 
[ I 2 1  Bennett D J (Ed).  (1990) DRAMA: A Process Design 
Methodology fo r  E7ect ron ic  I n d u s t r i e s ,  IDOM, Aston Business 
4 : : r : ~ i n n e r  W ( 1978) Manufactor i n g  i n  fhs  Corporate s t ra tegy,  
Wi ley 
/' [ I 4 1  Abernathy W J ,  C la rk  K B and Kantrow A M (1981) The New 
I n d u s t r i a l  Compet i t ion,  Harv. Bus. Rev., 59(Sept-Oct), pp68-81. 
[ I 5 1  Hayes R H (1981) Why Japanese Fac to r ies  Work, Harv. Bus. 
Rev., 59(July-Aug), pp56-65. 
J 1161 Wheelwright S C (1981) Japan: Where Operations Rea l l y  Are S t r a t e g i c ,  Harv. Bus. Rev., 59(July-Aug), pp67-74. 
/ [ 1 7 ]  Po r te r  M E (1985) Compet i t ive Advantage: C rea t ing  and 
Ma i n t a  i n  ing Super ior  Performance, Free Press. 
J [18] Sch6nberger R J (1986) Wor7d C7ass Manufactur ing:  The 
Lessons o f  Simp 7 i c  i t y  App 7 ied,  Free Press. 
/ [ I 9 1  Hayes R H j  Wheelwright S C and C la rk  K B (1988) Dynamic 
Manufactur ing:  Creat ing the  Learning Organ i z a t  ion,  Free Press 
J [ 2 0 1  H i  11 T J (1985) Manufactur ing S t ra tegy :  The S t r a t e g i c  
Management o f  t he  Manufactur ing Funct ion,  MacMil lan. 
/ [21] W i  l d  R ( 1980) Operat ions Management: A Po 7 i c y  Framework, 
Per-gamon . 
J [22] D T I  ( 1988) Compet i t ive Manufactur ing:  A p r a c t  i ca  7 approach 
t o  the deve7opment o f  a  manufactur ing s t r a t e g y ,  I F S  
(Pub l i ca t i ons )  L td .  
[23] Kantrow A M (1980) The Strategy-Technology Connection, 
Harv. Bus. Rev. , 58(July-Aug) , pp6-21. 
[ 2 4 ]  Schroeder D M (1990) A Dynamic Perspect ive on t h e  Impact of 
Process Innova t ion  upon Compet i t ive S t ra teg ies ,  S t r a t e g i c  Mgt. 
J o . ,  11(1) ,  pp25-41. 
[25] Kast F E and Rosenzweig J E (1970) Organ iza t ion  and 
Management: A Systems Approach, McGraw-Hill. 
', 
